Abstract: Hetaryl-substituted thiochalcones react with acetylenic mono-and diesters in the THF solution in the presence of LiClO4 at 65°C to give, after 24h, 4H-thiopyran carboxylates and dicarboxylates, respectively, in moderate to good yields. The same reactions were performed also in the THF solution without a catalyst under microwave irradiation. In that case, the reaction time was reduced to three minutes and, in most cases, an improvement in the yield of the [4+2]-cycloadduct was observed. The reactions with methyl propiolate occurred regioselectively and the 3-carboxylates were formed exclusively. 
Introduction
Hetero-Diels-Alder reactions of heterodienes are widely applied for the synthesis of sixmembered heterocycles including important intermediates in natural product synthesis [1, 2] .
In that case, the asymmetric version is of special importance [3] . The most frequently reported hetero-Diels-Alder reactions belong to the so-called aza-or oxa-types with the C=N or C=O units in the diene or dienophile. In contrast, examples for thia-type hetero-Diels-Alder reactions are less well-known. Whereas reactions of dienes with diaryl thioketones leading to dihydrothiopyrans were studied to some extent [4] , the [4+2]-cycloadditions with thiochalcones are rarely described [5] . In most cases the studied thia-hetero-Diels-Alder reactions comprised reactions of other types of thia-heterodienes, such as enaminothiones [5] or α,β-unsaturated thioamides [5, 6] . In a series of recent publications, 5-arylidene-4-thioxo-2-thiazolidinones were used as more complex 1-thia-1,3-dienes in reactions with diverse ethylenic dipolarophiles [7] [8] [9] [10] . Furthermore, a few thia-hetero-Diels-Alder reactions of diverse 1-thia-1,3-dienes (but not thiochalcones !) with propiolates [6, 7] , benzynes [11] , and an intramolecular reaction with a propargyl ether [12] are known.
Kinetic studies of the [4+2]-cycloadditions of cyclic and acyclic dienes with diaryl thioketones led to the introduction of the name "superdienophiles" for the latter [4] .
An interesting class of S-heterodienes are hetaryl thioketones of type 1, which react with activated ethylene and acetylene derivatives yielding fused thiopyran derivatives of type 2 and 3, respectively [13, 14] (Scheme 1).
Scheme 1.
Hetero-Diels-Alder reactions with hetaryl thioketone 1.
Scheme 3. Equilibrium of thiochalcones with dimers.
Nevertheless, the cycloaddition reactions performed with acetylenic dienophiles 8 occur smoothly in THF solution in the presence of catalytic amounts of LiClO 4 . After 24 h of heating at 65°C in a glass tube with a screw cap, the reactions were complete and the 1 H NMR analysis evidenced the presence of a single product in all cases. The spectroscopic data confirmed the structure of 4H-thiopyrane derivatives 9 (Scheme 4, Table 1 ). Thus, in the case of the products formed from DMAD (8a) and 4b and 4d, respectively, two isomeric compounds were identified. In the first one, 9b, the 1 H NMR spectrum showed two characteristic doublets at 6.24 and 5.27 ppm with J = 6.6 Hz attributed to HC(5) and HC(4) of the thiopyran ring. The analogous set of signals in the spectrum of 9d appeared at 6.22 and 4.85 ppm (J = 6.6 Hz). In the 13 C NMR spectra, a significant difference in the chemical shift of HC(4) was observed. Whereas in 9d the signal appeared at 44.5 ppm, it was shifted upfield to 38.6 ppm in 9b.
The structure of the products obtained regioselectively in the experiments with methyl propiolate (8b) were unambiguously established on the basis of the 1 H NMR spectra. In all compounds 9h-n, the signals of HC(4) appeared as a doublet in the range of 4.81-5.26 ppm.
In addition, the singlet for HC(2) was located in a narrow range at 7.67-7.90 ppm. The same regioselectivity was observed in the reaction of the parent thiochalcone 4a with 8b, and the structure 9h was elucidated spectroscopically. The comparison of the chemical shifts observed in the 13 C NMR spectra of 9h and 9i evidences that the shielding effect of the thiophen-2-yl substituent is stronger than in the case of the phenyl ring. The microwave technique has been widely applied to accelerate organic reactions. In the present study, the reactions of DMAD (8a) and PM (8b) with hetaryl thiochalcones 4 were carried out in THF solutions under microwave irradiations (Method B). As a matter of fact, the reaction times were drastically reduced (ca. 3 min) and the yields of the products were higher (Table 1) . Only in the case of thiochalcone 4e with the furan-2-yl group at C(1), decomposition was observed, similarly to the reaction performed under standard conditions.
Conclusions
Hetaryl thiochalcones bearing the hetaryl group either at C(2) or C (4) 
Experimental Design

General
Melting points were determined in a capillary using a MEL-TEMP II apparatus (Aldrich) and are uncorrected. IR spectra were recorded with a FT-IR NEXUS spectrophotometer as KBr pellets; absorptions (ν) in cm -1 . 1 H and 13 C NMR spectra were measured on a Bruker Avance Microwave experiments were carried out with CEM Focused Microwave type Discover SPD.
Applied reagents such as dimethyl acetylenedicarboxylate (DMAD, 8a), methyl propiolate (MP, 8b), inorganic reagents, and solvents are commercially available (Aldrich) and were used as received.
Starting materials
Chalcones were obtained from aryl methyl ketones and aromatic aldehydes in the presence of 
Synthesis of hetaryl thiochalcones (4a-g)
A solution of 5 mmol of the corresponding chalcone and 5.1 mmol of Lawesson's reagent in 10 mL of dry THF were placed in a two-necked flask. The mixture was heated under argon at reflux for 3 h. Then, the solvent was evaporated in vacuo and the residue was purified chromatographically, using as the eluent a mixture of petroleum ether and chloroform (1:1). 
Reaction of thiochalcones 4 with acetylenic dienophiles 8 -General procedures
Method A: A solution of 1 mmol of the corresponding thiochalcone 4, 1.1 mmol of the corresponding acetylenic dienophile 8 and 10 mol% of LiClO 4 in 1 mL of dry THF were placed in a thick-wall glass tube, which then was closed with a scrue cap. The mixture was heated at 65°C for 24 h. The solvent was evaporated in vacuo. The residue was purified chromatographically, using as the eluent a mixture of petroleum ether and ethyl acetate (1:1).
Method B:
A solution of 1 mmol of the corresponding thiochalcone and 1.1 mmol of the corresponding acetylenic dienophile 8 in 1 mL of dry THF were placed in a reaction tube. The reaction tube was sealed and transferred to the microwave reactor Discover SPD (150 W, 3 min). After cooling the reaction mixture to room temperature, the solvent was evaporated in vacuo. The residue was purified chromatographically, using as the eluent a mixture of petroleum ether and ethyl acetate (1:1).
Dimethyl 4,6-diphenyl-4H-thiopyran-2,3-dicarboxylate (9a) [17]
Yellow oil; yield (method B): 340.4 mg (93% 
Dimethyl 6-phenyl-4-(thiophen-2-yl)-4H-thiopyran-2,3-dicarboxylate (9b)
Orange oil; yield (method B): 319.9 mg (86%). 1 
Dimethyl 6-(furan-2-yl)-4-phenyl-4H-thiopyran-2,3-dicarboxylate (9e)
Yield ( 
Dimethyl 4-phenyl-6-(selenophen-2-yl)-4H-thiopyran-2,3-dicarboxylate (9f)
Orange oil; yield (method B): 234.5 mg (56% 
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